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Monday, February 17, 2014 397aHere we demonstrate that SPIM-FCS/FCCS possesses the sensitivity to detect
and quantify protein-protein interactions in live cells by characterizing the
interaction of the subunits of heterodimeric transcription factors, c-Fos/c-Jun
and IQGAP/cdc42. The protein-protein interaction clearly shows up in the
cross-correlation amplitude. Analysis of the spatial distribution of diffusion co-
efficients of the fluorescent proteins and of their cross-correlation amplitude
shows that formation of the heterodimer is correlated with regions of decreased
mobility, probably related to DNA binding.
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In response to environmental stresses, cytoplasmic mRNAs assemble and form
stress granules (SGs) accompanied by several proteins affecting mRNA func-
tions. SGs have been proposed to play an important role in mRNAs remodeling
for repression of translation. However, the underlying mechanism remains un-
clear, since conventional fluorescence imaging cannot resolve the detailed dis-
tributions of SGs components due to the diffraction limit. Here, we investigated
nanoscale organizaion of SGs by stochastic optical reconstruction microscopy
(STORM), which provided us super-resolution images with spatial resolution
of ~20 nanometers in the lateral direction and of ~60 nanometers in the axial
direction.
Super-resolution imaging revealed that mRNAs in SGs were highly localized
to tiny compartments with a diameter of less than 100 nanometers, whereas
they were elusive in conventional fluorescence imaging. In mature SGs, the
number of these compartments was higher than in small SGs, but the size
of these compartments showed little difference. The result demonstrated
that the growing process of SGs resulted from the assembly of tiny compart-
ments. Furthermore, multicolor super-resolution imaging showed that some
SG associated proteins colocalized with mRNAs and others did not. Since
SGs components were densely packed within several micrometers radius,
we could not observe the differences by conventional fluorescence imaging.
These results suggested that SGs have highly organized composition that
would be responsible for the physiological functions in cellular stress re-
sponses and that super-resolution imaging technique is a powerful tool to
investigate the detailed organization of densely packed granular architectures
in cells.
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The human gut hosts trillions of bacteria that directly influence human health.
The majority of gut microbiota play an important role in nutrition by metab-
olizing host-indigestible complex glycans into short-chain fatty acids. Bacter-
oides thetaiotaomicron (Bt), a prominent bacterial symbiont in the distal gut,
metabolizes over a dozen complex glycans using membrane-associated pro-
tein complexes. The Starch Utilization System (Sus), a multi-protein complex
in Bt that is essential for growth on starch, uses eight proteins (SusRABC-
DEFG) to process starch. SusCDEFG localize in the outer membrane and
likely form a complex to facilitate starch binding, degradation and import.
However, conventional biochemical methods have been unable to completely
reveal the assembly and dynamics of these proteins in response to starch. We
have applied single-molecule super-resolution imaging to characterize the
Sus complex response to different sugars in live Bt under anaerobic condi-
tions. Protein correlation studies performed with HaloTag-labeled SusG
and other fluorescent antibody-labeled Sus proteins demonstrated that simple
sugars such as glucose or maltose do not induce Sus complex assembly.
Conversely, incubation of Bt cells with starch enhanced the co-localization
of Sus proteins, suggesting starch-induced assembly of the complex. Further-
more, single-molecule tracking revealed that in the absence of starch, SusG
predominately moves in a fast diffusion mode corresponding to freely
diffusing SusG. In contrast, two-color single-molecule experiments per-
formed with fluorophore-labeled starch and SusG showed that starch confines
the free motion of SusG and induces the assembly of Sus proteins. Overall,
our results suggest that starch catabolism involves dynamic interactions of
Sus proteins, which assemble as a complex in the presence of starch in
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Single Particle Tracking (SPT) is a super-resolution technique used to determine
the position of fluorescent particles with nanometer precision. The localization is
generally obtained by analyzing the spatial distribution of fluorescence intensity
emitted by the particle. In fact, the center of the distribution can be determined
with an uncertainty which is much lower than the size of the distribution itself. In
the orbital tracking method the position of a particle is obtained analyzing the
distribution of intensity along a circular orbit scanned around the particle. In
combination with an active feedback this method allows tracking of particles
in 2D and 3D with millisecond temporal resolution[1]. More recently, the use
of orbital tracking to perform imaging has also been proposed[2].
The orbital tracking and the other 3D SPT feedback methods are generally
implemented on homebuilt microscopes which are not yet commercially avail-
able. On the other hand, commercial setups offer the advantage of a user-
friendly software interface and pre-calibrated hardware components. It would
be of interest to implement a SPT setup based on a feedback approach with
minimal modification of a commercially available microscope. Here we
explore this idea using a widely used confocal laser scanning microscope,
the Zeiss LSM 510, in combination with an external piezoelectric stage scan-
ner. We discuss advantages and limitations of this implementation of the orbital
tracking method and the potential application to live cell experiments.
References:
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In all organisms, the high fidelity of DNA replication is essential for mainte-
nance of chromosome integrity. DNA damage can be caused by polymerase
errors or by external factors (e.g., X-rays or mutagenic chemicals). Thus, the
cell has evolved a number of repair mechanisms to respond to different types
of damage. In B. subtilis, repair of double-strand breaks (DSBs) in the DNA
occurs through RecA-mediated homologous recombination. The mechanism
by which RecA finds DSBs in vivo is not well described, but is believed to
involve the proteins RecF, RecO, and RecR. This role for RecO in DSB repair
in B. subtilis is distinct from its role in E. coli but analogous to that of Rad52 in
eukaryotes, making B. subtilis an excellent model system for studying cellular
response to DNA damage. Previously, bulk fluorescence studies have shown
that RecO forms foci after the induction of double-strand breaks. However,
RecO in undamaged cells can only be visualized when overexpressed, leaving
questions about its true localization at wild type expression levels. Here, we
have created cells in which PAmCherry-RecO is natively expressed from the
RecO promoter as the only RecO source. We use single-molecule fluorescence
microscopy in live B. subtilis to show that RecO rapidly forms foci following
treatment with the DNA damaging agent phleomycin, but is diffuse throughout
the cell under non-damaging conditions. This result suggests that, unlike
several other proteins involved in DNA repair, RecO is not associated with
the replisome prior to DSB recognition. Future work will examine the previ-
ously reported role of single-strand binding protein (SSB) in recruitment of
RecO to DSBs.
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Fluorophores have become a standard tool in life science and biophysics as
well as material sciences. Nowadays, fluorophore position and concentration
are often not sufficient to answer questions in flurophore dynamics, such as
diffusion behavior or molecular interactions. These aspects become acces-
sible with the application of time-resolved fluorescence microscopy and
398a Monday, February 17, 2014spectroscopy when the fluorophores are excited through pulsed lasers. The
large variety of fluorophores requires full spectral coverage through available
pulsed lasers.
Here, we present a new pulsed laser, filling the existing gap at 560 nm pulsed
excitation. This freely triggerable laser source can operate in a wide range of
repetition frequencies from 1 MHz up to 80 MHz which makes it easy to adapt
the pulse period to different fluorescence lifetimes. Synchronization to other
lasers or scanning devices is possible as well as burst operation.
The wavelength around 560 nm is appropriate for a wide range of applications,
especially in the life sciences where state of the art red fluorescent proteins
excited at about 560 nm are essential. A pulsed 559 nm laser enables the
long sought Fluorescence Lifetime studies like FLIM (Fluorescence Lifetime
Imaging Microscopy) or Fluorescence Lifetime (Cross-)Correlation Spectros-
copy (FL(C)CS) involving Red Fluorescent Proteins like mCherry and with
that provided access to molecular interaction studies and background reduction.
Implemented in a confocal microscope like the MicroTime 200 (PicoQuant)
this laser becomes a versatile tool.
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Highly ordered arrays of ryanodine receptor type 2 (RyR2) are believed to be
critical for synchronous Ca release and effective, stable excitation-contraction
coupling in adult cardiomyocytes. Altered RyR2 distribution and intracellular
architectures have been implicated in the genesis of dyssynchronous Ca
release often observed in disease hearts. To gain insights into the expression
and distribution of RyR2 and their correlation with function in situ in adult
cardiomyocytes, we generated a knock-in mouse model in which the green
fluorescence protein (GFP) has been inserted into RyR2 after residue
T1366. The GFP-tagged RyR2 mice show no gross structural and functional
abnormalities. Confocal laser scanning microscopy of isolated cardiomyo-
cytes from the GFP-tagged RyR2 mice revealed discrete clusters of GFP-
RyR2 located along Z-lines. Confocal Ca imaging analysis of GFP-tagged
RyR2 cardiomyocytes loaded with Rhod-2 AM showed that Ca sparks orig-
inate from GFP-RyR2 clusters and rarely occur in non-Z-line region. These
observations suggest that the production of Ca sparks may require clustering
of RyR2. To further define the distribution of GFP-RyR2 clusters, we em-
ployed a camelid single-domain antibody against GFP (GFP-nanobody) con-
jugated with the Alexa Fluor (AF) 647 fluorescent dye. The distribution of the
GFP-nanobody staining in GFP-tagged RyR2 cardiomyocytes was found to
be identical to that of GFP-RyR2 clusters. Further super-resolution imaging
using the AF647-labelled GFP-nanobody should provide new and detailed in-
sights into the nano-distribution of RyR2 in cardiomyocytes (Supported by
CFI, CIHR, and LCIA).
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We demonstrate a new and experimentally straightforward method for obtain-
ing sub-diffraction limit resolution in fluorescence microscopy with low on-
sample laser powers. The technique involves the analysis of the time evolution
of fluorescence images in the presence of weak and unstructured continuous
wave (CW) stimulated emission. A sub-diffraction limited point spread func-
tion (PSF) is obtained by the recombination of the time segments of the
evolving image. Theoretical modelling presented here shows howmanipulation
of the fluorescence lifetime results in modification of the spatial distribution of
fluorescence on a nanosecond timescale, and how photon noise impacts upon
this. A computational method for image reconstruction using a genetic algo-
rithm is also described. The experimental set-up is straightforward and consists
of a commercial fluorescence lifetime imaging microscope with a low cost, low
power CW laser co-linear with the pulsed excitation laser. On-sample laser po-
wer is typically <10mW. Preliminary results are presented for imaging and
subsequent reconstruction of 20nm fluorescent beads, both isolated and ab-
sorbed into living HEK-293 cells. Sub-diffraction limit resolution is readilyobserved, and neither morphology nor viability of the HEK-293 cells appears
to be compromised.
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Interactions between biomolecules are difficult to observe directly due to the
small size scales involved. Super-resolution microscopy offers a glimpse of
such dynamics beyond the diffraction limit of light, even inside living cells.
We use single-molecule fluorescence microscopy to examine the nanometer-
scale movements of TcpP, a membrane-bound transcription activator, in the
human pathogen Vibrio cholerae. TcpP, along with a second bitopic inner-
membrane protein, ToxR, activates transcription of ToxT, the primary tran-
scription activator for cholera toxin production.
Here we track TcpP molecules tagged with the red photoactivatable fluorescent
protein PA-mCherry with a spatial resolution of 30 nm and a temporal resolu-
tion of 50 ms, revealing interactions among TcpP, ToxR and the toxT promoter.
Through analysis of single-molecule trajectories based on mean square
displacements and cumulative probability distributions of step sizes, we have
revealed three modes of TcpP motion: a ‘‘fast’’ population, a ‘‘slow’’ popula-
tion, and an immobile population. Furthermore, by comparing TcpP dynamics
in TcpP-PA-mCherry fusion cells with the motion of TcpP in ToxR knockout
cells, we demonstrate that TcpP moves faster in the presence of ToxR. Surpris-
ingly, we discover that the effect on TcpP dynamics of knocking out the toxT
promoter is very similar to the effect of knocking out ToxR, implying that the
promoter plays a role in the interaction between ToxR and TcpP. These results
support a mechanism in which ToxR binds DNA and recruits TcpP to the toxT
promoter site.
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Multiphoton microscopy provides optical sectioning for high-resolution imag-
ing. In biological systems, most multiphoton microscopy studies have relied on
two-photon excited fluorescence (TPEF) to produce images. In particular,
TPEF from structural proteins has emerged as an invaluable tool for 3D imag-
ing. However, depending on the fluorophores involved, the TPEF could be
extremely weak, limiting TPEF use for thick-tissue applications.
The physics and optical properties of noble-metal nanoparticles (NPs) is
currently attracting much attention. The signal enhancement of molecules
near a metal surface arises from the interaction with surface plasmon (SP)
modes. These interactions also result in the shortening of the excited-state life-
time improving the molecules’ photo-stability. The optical properties of the
environment near a metallic NP are affected by the near-field electromag-
netic-field. In the case of fluorescent molecules located at very short distances
from a metallic surface, non-radiative energy transfer to SPs in the metal takes
place; however, emission enhancement due to SP coupling still occurs at
optimal distances from the NP.
In this study, we use a broad range of excitation wavelengths (~800-900 nm) to
demonstrate that absorption enhancement can also be achieved in unstained
samples by using a combination of gold-NPs and a TPEF. The TPEF images
of gold-NPs/collagen samples were used to determine the collagen absorption
spectra and confirm enhancement factors >100, which provide promising new
applications in fields such as tissue imaging, and fluorescence-engineering
based on surface-enhancement effects. Our results suggest that even weakly
intrinsic signals from structural proteins can be extremely-enhanced due to
SPs coupling.
The use of metallic NPs and TPEF in combination provides complementary in-
formation that allows noninvasive, spatially localized, in-vivo characterization
in unstained samples and tissues.
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